ABSTRACT. Although MSB1 is the most-commonly used lymphoblastoid cell line for isolation of chicken anemia virus (CAV), some researchers have reported a few biological drawbacks. None of them were supported by the results of the present study. Another four avian (HP1, HP2, BK3 and CU10) and two mammalian (BTL-26 and KO-1) cell lines were investigated for susceptibility to the TK-5803 and AH-9409 strains. Both strains caused CPE on BK3 like MSB1. The mean number of positive cells for each strain in MSB1 and BK3 were not significantly different. The majority of the HP2, CU10 and HP1 cells showed no CPE. The virus titers of both strains were higher in MSB1 and BK3 (10 6.5-7.5 TCID 50 /0.1 ml) than in HP2, CU10 and HP1 (10 3.5-4.5 TCID 50 /0.1 ml). BTL-26 and KO-1 were resistant to CAV. BK3 could be used for isolation of CAV.
Chicken anemia virus (CAV), a small circular singlestranded DNA virus, classified as being in the family Circoviridae, genus Gyrovirus [18] , is the causative agent of chicken infectious anemia worldwide. CAV was first isolated in 1979 in Japan through propagation in 1-day-old chicks [26] . The CAV did not grow in cultured monolayer cells derived from a variety of chicken and chicken embryo tissues [25] . CAV was propagated in chick embryos. Whole embryo tissue gave the highest yields [23] . Yuasa [25] successfully propagated the Gifu strain of CAV in two Marek's disease-derived lymphoblastoid cell lines, MDCC-MSB1 (MSB1) [1] and MDCC-JP2, and one avian leukosisderived lymphoblastoid cell line; LSCC-1104B1. MDCC-RP1, MDCC-BP1, LSCC-1104X5 and LSCC-TLT (CU10) [2] apparently failed to support the propagation of CAV. MDCC-CU147 (CU147) [3] , originated from an early locally induced Marek's disease lesion, is suitable for propagation of one or more CAV strains [2] .
MSB1 is the most commonly-used cell line for propagation of many strains of CAV [11, 18] . MSB1 culture eventually exhibits a cytopathic effect (CPE) characterized by the appearance of enlarged cells, cell destruction, alkaline medium and loss of the ability to grow [2, 6, 11, 25] . Although most CAV strains could be propagated on MSB1, recent isolates that lack the ability to infect and propagate on MSB1 have been reported in America [2, 15, 20] , Bangladesh [8] and Brazil [14] . Moreover, some researchers have found that isolation of CAV using MSB1 may require from 10 to 16 passages [21] before the CPE becomes evident. Others have reported a loss of MSB1 ability to support CAV replication during 8 weeks of passage [22] . The aim of the present study was to investigate these drawbacks of MSB1 and compare the susceptibility of MSB1 and some new avian lymphoblastoid cell lines (not examined previously) to TK-5803 and AH-9409 strains of CAV. Although viral protein 3 of CAV (apoptin) could induce apoptosis in transformed and tumor-derived human cell lines [4] , canine mammary gland tumor [9] and Rous sarcoma virus-induced tumors in chickens [12] , there is no report describing whether or not CAV can be propagated in mammalian lymphoblastoid cell lines. Some avian viruses such as infectious bursal disease virus (IBDV), pneumoviruses and arboviruses could be propagated on continuous mammalian cell lines, i.e., Vero. Examples for mammalian lymphoblastoid cell lines, BTL-26, a bovine lymphoblastoid cell line [7] , and KO-1, a feline lymphoblastoid cell line [5] , were investigated for susceptibility to CAV.
The MSB1 [1] , MDCC-HP1 (HP1), MDCC-HP2 (HP2), LSCC-BK3 (BK3) and CU10 were maintained in our laboratory in the Department of Veterinary Pathology, Faculty of Agriculture, Iwate University. BTL-26 was kindly provided by Prof. N. Ishiguro (Laboratory of Food and Environmental Hygiene, Faculty of Applied Biological Sciences, Gifu University). KO-1 was kindly provided by Prof. H. Tsujimoto (Department of Veterinary Internal Medicine, Graduate School of Agricultural and Life Science, University of Tokyo). The cell lines were cultivated on RPMI-1640 medium supplied with 10% foetal bovine serum [6] . TK-5803 [6] and AH-9409 strains [19] passaged 15 and 10 times in MSB1, respectively, were used in this study.
For propagation of CAV strains, suspensions of the cell lines containing 5  10 5 cells/1 ml on culture plates were inoculated with the CAV strains (one-fifth the suspension volume). Every 2 to 3 days of incubation, the next passages were performed. The viable cell lines were still passaged to the 13th or 17th passages. One milliliter was harvested from each cell line every passage and stained by an indirect immunofluorescence technique using anti-CAV chicken hyperimmune serum and rabbit FITC-conjugated antichicken IgG antibodies [11] . The slides were examined at 400 in phase contrast and UV light microscope, and the number of positive cells and total number of cells was determined.
The cell lines were harvested for virus titration [6, 25] just before their complete destruction or at the 10th passage for viable cultures. One milliliter of each harvested cell line was freeze-thawed 2 times and centrifuged. The resultant supernatant was used to perform 10-fold dilutions. Every cell line was represented by two or three tubes. Virus titers were determined by the color of the culture medium (red was regarded as positive). The virus titer was calculated and expressed as a median TCID 50 according to Nicklin et al. [13] .
The statistical analyses were performed using one-way ANOVA. The mean difference was considered to be significant at the 0.05 level using the least significant difference (LSD) test.
Continuous subculture of MSB1 up to 18 times has no effect on its ability to support propagation of both TK-5803 and AH-9409 stains. As detailed in the next paragraphs, MSB1 showed rapid and high CPEs for both strains beginning at the 3rd day post-inoculation (first passage).
All avian lymphoblastoid cell lines were susceptible to both the TK-5803 and AH-9409 strains. Both MSB1 and BK3 showed CPEs. The CPEs were characterized by CAV inclusions, cell swelling, cell destruction and failure of cells to grow (evidenced by red color). MSB1 failed to grow after the 3rd passage of both strains; however, BK3 failed to grow after the 4th and 5th passages of the TK-5803 and AH-9409 strains, respectively. Hematoxylin and eosin staining revealed that most of the MSB1 and BK3 cells had CAV inclusions at the 3rd passage. Although a small proportion of HP2, HP1 and CU10 showed CPEs, i.e., cell swelling, cell death and CAV inclusions, the majority of cells did not and continued to grow to the 13th passages of both strains. BTL-26 and KO-1 did not show CPEs and continued to grow to the 17th passages of the TK-5803 and AH-9409 strains. CAV inclusions were not observed in BTL-26 and KO-1 cells.
Bright fluorescent staining of intranuclear irregular small granules was considered to be specific for CAV. Positive cells were seen in all avian lymphoblastoid cell lines at varying degrees (Fig. 1) ; in contrast, neither KO-1 nor BTL-26 contained positive cells. Most of the MSB1 cells were immunofluorescence positive at the 3rd passage. BK3 cells stained specifically for CAV at the 4th and 5th passages of the TK-5803 and AH-9409 strains, respectively (Table 1) . In HP2, CU10 and HP1, a few cells were positive for CAV antigen. The mean numbers of positive cells of the avian lymphoblastoid cell lines for the TK-5803 and AH-9409 strains of CAV are summarized in Table 1 .
The avian lymphoblastoid cell lines were compared for their susceptibility to the TK-5803 strain. The mean numbers of positive cells of MSB1 and BK3 were not significantly different; however, they were significantly (P<0.05) higher than those of HP2, CU10 and HP1. Although HP2, CU10 and HP1 did not entirely support TK-5803 strain propagation, the mean number of positive cells in HP2 was significantly higher (P<0.05) than those of CU10 and HP1. No significant difference in the mean positive cells was observed between HP1 and CU10. The results of the statistical analysis were consistent with the virus titration ( Table  2 ). The median TCID 50 of TK-5803 in MSB1 was 10 7.5 /0.1 ml, and that of BK3 was 10 7 /0.1 ml. However, the medians were The avian lymphoblastoid cell lines were compared for their susceptibility to the AH-9409 strain. The statistical analyses of the mean numbers of cells of the avian cell lines positive for the AH-9409 strain were similar to those of TK-5803. Similarly, the mean numbers of MSB1 and BK3 cells positive for the AH-9409 strain were not significantly different; however, they were significantly higher (P<0.05) than those of HP2, CU10 and HP1. Also, the mean number of positive cells in HP2 was significantly higher (P<0.05) than those of HP1 and CU10. No significant difference was observed between the latter two. The virus titration of AH-9409 had a similar pattern to that of TK-5803 ( Table 2 ). The median TCID 50 of AH-9409 in MSB1 was 10 7 /0.1 ml, and that of BK3 was 10 6.5 / 0.1 ml. However, the medians were MSB1 was almost equally susceptible to both the TK-5803 and AH-9409 strains. No significant difference in the mean numbers of positive cells in MSB1 for the TK-5803 and AH-9409 strains was observed. For BK3, the mean number of positive cells for TK-5803 was significantly higher (P<0.05) than that for the AH-9409 strain. The TK-5803 strain was propagated slightly better than AH-9409 in both the MSB1 and BK3 cell lines. The 3rd passages of the TK-5803 and AH-9409 strains in MSB1 yielded the highest TCID 50 . Although BK3 showed the highest mean numbers of positive cells for both strains at the 5th passage, the highest TCID 50 was detected at the 4th passage (Table 3) .
CAV replicates only in certain lymphoblastoid cell lines in vitro [25] . Although MSB1 has been widely used for CAV isolation and propagation, some biological problems have been reported such as no support for the propagation of some recently isolated strains, i.e., 59058 and TR20 [20] , BD3 [8] and BR47/90 [14] . MSB1 may lose its ability to support CAV propagation after a longer passage [22] . Moreover, isolation of CAV using MSB1 may require a long time for virus passage (10 to 16 passages) [21] before the CPE becomes evident. In the present study, MSB1 was continuously passaged at least 18 times prior to inoculation without affecting its ability to support CAV strains. MSB1 was susceptible to the TK-5803 and AH-9409 strains and exhibited high CPEs after the 1st passage. These results did not match with the reported biological drawbacks of MSB1 [21, 22] . This discrepancy might be related to the difference in CAV strains [2, 15, 25] or even the subtypes of MSB1 [15] . It was impossible for the authors to obtain any of CAV strains that are unable to propagate in MSB1. Four avian and two mammalian lymphoblastoid cell lines were evaluated and compared with MSB1 for their susceptibility to the TK-5803 and AH-9409 strains. Both the TK-5803 and AH-9409 strains were able to infect, multiply and destroy both MSB1 and BK3. No significant difference was observed between the mean number of positive cells of BK3 for the TK-5803 or AH-9409 strain compared with MSB1. The TCID 50 was high for both strains and approximately similar in MSB1 and BK3. The TCID 50 was slightly lower for both strains in BK3 (10 0.5 TCID 50 /0.1 ml) than in MSB1. These results indicated that BK3 and MSB1 had a similar degree of susceptibility, at least for the TK-5803 and AH-9409 strains.
BK3 was used for isolation and propagation of IBDV [24] and the reticuloendotheliosis virus (REV) T strain [17] . Use of BK3 is advantageous for isolation of several viruses. On the other hand, the possibility of contamination of CAV, IBDV and/or REV with each other during their isolation using BK3 is to be highlighted due to the high frequency of coinfection under field conditions [8, 18, 26] . BK3 should be investigated for permissiveness of other avian viruses. Similarly, CU10 was also productively infected with IBDV [24] . Furthermore, MSB1 is permissive for REV in addition to CAV [25] .
The continuous growth of the HP2, CU10 and HP1 to the 13th passage is due to the low infectivity of the TK-5803 and AH-9409 strains, and in turn, the majority of cells were still viable. The low TCID 50 in HP2, CU10 and HP1 may explain the presence of a few anemic birds in the chickens that were inoculated with the non-permissive cell lines for CAV [25] . The dose of CAV was correlated directly with the number of anemic chicks. Doses in excess of 10 5.75 TCID 50 invariably produced anemia, but those below 10 3.3 TCID 50 produced anemia in only a small proportion of the inoculated chicks [10] . Avian lymphoblastoid cell lines can vary significantly in their susceptibility to CAV strains and verse versa [2, 15, 25] . The inability of some CAV strains to replicate in MSB1, such as BD-3 and CIA-1, has been suggested to be mediated by the hypervariable region of the CAV genome [8, 15] . The mechanism of adaptation of the CAV strains to certain avian cell lines has not been elucidated yet. The permissiveness of BK3 to the MSB1-non- adaptive strains of CAV should be studied. The mammalian lymphoblastoid cell lines have not been investigated previously for propagation of CAV. CAV could not infect BTL-26 and KO-1. As the chicken is the only natural host for CAV [18] , this may explain the resistance of mammalian cell lines to CAV infection. Although some avian viruses could be isolated in some continuous mammalian cell lines, CAV could not be propagated in Vero, CRFK, MDCK and A-72CAV cell lines [16] . Further mammalian neoplastic cell lines should be investigated for propagation of other CAV strains.
In this study, BK3 was shown to be a promising cell line for isolation of CAV. Isolation of CAV from field materials should be performed with care because of the possible contamination with IBDV and REV and verse versa. BTL-26 and KO-1 appeared to be resistant to CAV.
